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To unveil the complexity of the solar atmosphere, measurement of the magnetic field in the upper chromosphere and transition region is fundamentally important, as this is where the forces transition from plasma to magnetic 
field dominated. Measurements of the field are also needed to elucidate the energy transport from the lower atmospheric regions to the corona beyond. Such an advance in heliospheric knowledge became possible with the first 
flight of the international solar sounding rocket mission, CLASP. For the first time, linear polarization was measured in Hydrogen Lyman-Alpha at 121.60 nm in September 2015. For linear polarization measurements in this 
emission line, high sensitivity is required due to the relatively weak polarization signal compared to the intensity. To achieve this high sensitivity, a low-noise sensor is required with good knowledge of its characterization, 
including linearity. This work presents further refinement of the linearity characterization of the cameras flown in 2015. We compared the current from a photodiode in the light path to the digital response of the detectors. 
Pre-flight CCD linearity measurements were taken for all three flight cameras and calculations of the linear fits and residuals were performed. However, the previous calculations included a smearing pattern and a digital 
saturation region on the detectors which were not properly taken into account. The calculations have been adjusted and were repeated for manually chosen sub-regions on the detectors that were found not to be affected. We 
present a brief overview of the instrument, the calibration data and procedures, and a comparison of the old and new linearity results. The CLASP cameras will be reused for the successor mission, CLASP2, which will measure 
the Magnesium Il h & k emission lines between 279.45 nm and 280.35 nm. The new approach will help to better prepare for and to improve the camera characterization for CLASP2. 


1. Scientific Motivation 


Figure 2: CLASP-2 instrument design. Figure from Narukage et al., 2016 


To understand the solar atmosphere, measurement of 
the magnetic field in the upper chromosphere and 
transition region is fundamentally important, as this is where 
the forces transition from plasma to magnetic field 
dominated. In the photosphere, the magnetic field is moved 
by the plasma. There, gas force is greater than magnetic 
force. In the corona, plasma follows the magnetic field, 
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2. Introduction 


The CLASP instrument measures the polarization in the Hydrogen Lyman-Alpha line, which comes 
from the chromosphere. The polarization in this ultraviolet line contains information about the 
chromospheric magnetic field. This polarization signal is very weak; to measure it, it is important to 
characterize the entire CLASP system, including the camera. 
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4. Project Objectives and Description | 3. Instrument Assembly 

The focal objective of this project involved characterizing the camera linearity by improving the The CLASP-1 payload was designed to survey ultraviolet spectra formed by hydrogen ions residing in the chromosphere, 
linearity analysis of CLASP-1 to gain a greater understanding of the cameras for their second flight on collectively forging the Hydrogen Lyman-Alpha UV emission line. It consists of a Cassegrain telescope, Slitjaw optics, and a 
on the CLASP-2 payload. Spectro-polarimeter. Within the Cassegrain telescope resides a continuously rotating half waveplate that allows for selection of the 

With mini intensity variation to begin with, maintaining low noise levels is required to prevent linear polarization direction. Also found within the Cassegrain telescope, the cold mirror permits for only a slim, narrow band to 
the polarization signal from drowning in noise. Hence for linear polarization measurements in the H reflect the target wavelength, Hydrogen Lyman-Alpha, then rejects and transmits remaining visible light collected within the 
Lyman-Alpha emission line, high sensitivity is required due to the relatively low strength polarization telescope. 
signal compared to the intensity. To achieve high sensitivity, a low-noise sensor is required with Continuously CCD Camera 
good knowledge of its characterization, including linearity. pecoad Lyman-Alpha Rotating Change the 
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We compared the current from a photodiode in the light path to the digital response of the aig  ilant 
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Zeroth orders. This emulates process, and camera 
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Figure 5: A CLASP Frame-Transfer CCD showing the two 


distinct regions: image and storage array. The dark area Figure 6: Frame-Transfer CCD Architecture. 
5. Design and Operation of Science Cameras is the image region, where light is gathered. The opaque LBE—Single Pixel Element 
light shield on the storage array blocks photons from ParallelCCD ° 
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The science cameras used contain frame-transfer ccds. The composition of the _ Ble pepe 
ccds themselves persist of dual parallel register clocks, two individual components, pean py i Control 


including an image array and storage array. The image array is a light-sensitive 
photodiode that collects photons casted onto the ccd. Essentially, the image 
focusing is done in the image array, where it then gets temporarily held prior to 
readout in the storage array. The parallel register clocks allow for charge to shift 
independently among the two arrays. This operation efficiently enables for 
continuous frame transfer at rapid succession and in the absence of a shutter. 
Frame transfer is performed by shifting rows individually in parallel to reach the 
serial shift register where it is then shifted through output as quantifiable data. 
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The new approach will help to better 
prepare for and to improve the camera 
characterization for CLASP2 launch in 
Spring of 2019. 

The cameras from the first flight of 
CLASP-1 will be reused for the successor 
mission, CLASP2, which will measure the 
emission lines at longer wavelengths, 
Magnesium Il h & k, which lie between 
279.45 nm and 280.35 nm. 
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Figure 7: Intensity per Pixel for the SN4 image on the Figure 8 Linearity plot for left half of SN4. Average Intensity (DN) ina 8. References & 
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Figure 12: Photodiode Intensity and Percentage Residual comparison for differing 
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saturation and smearing pattern in strongly illuminated frames. 
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